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adtion of the diaphragm and abdominal mufcles, and 
of the fotus of their generally neighbouring parts; 
requifites, as has been imagined, towards the carrying 
on their feveral functions, for the benefit of the ani¬ 
mal oeconomy. 


George Carlifle. 


Received May 12, 1766. 

XIX. ‘Three Papers , containing Experiments 
on faBitious Air r by the Hon . Henry 
Cavendifli, F. R, S. 

Read May a 9 , Nov. 6.TJY fa&itious air, I mean in general 
JLI any kind of air which is contained 
in other bodies in an unelaftic ftate, and is produced 
from thence by art. 

By fixed air, I mean that particular fpecies of fac¬ 
titious air, which is feparated from alcaline fubftances 
by folution in acids or by calcination j and to which 
Dr. Black has given that name in his treatife on 
quicklime. 

As fixed air makes a confiderable part of the fubjedt 
of the following papers; and as the name might in¬ 
cline one to think, that it fignified any fort of air which 
is contained in other bodies in an unelaftic form ; I 
thought it beft to give this explanation before I went 
any farther. 


Before 
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Before I proceed to the experiments themfelves, *£ 
will be proper to mention the principal methods ufed 
in making them. 

In order to fill a bottle with the air difcharged from 
metals or alcaline fubftances by folution in acids, or 
from animal or vegetable fubftances by fermentation, 
I make ufe of the contrivance reprefented in Tab. VII. 
Fig. i. where A reprefents the bottle, in which the 
materials for producing air are placed; having a bent 
glafs tube C ground into it, in the manner of-a Hopper. 
E reprefents a velfel of water. D the bottle to receive 
the air, which is fir ft filled with water, and then in¬ 
verted into the veffel of water, over the end of the 
bent tube. F f reprefents the firing, by which the 
bottle is fufpended. When I would meafure the 
quantity of air, which is produced by any of thefe 
fubftances, I commonly do it by receiving the air in 
a bottle, which has divifions marked on its fides with 
a diamond, fhewing the weight of water, which it 
requires to fill the bottle up to thole divifions: but 
fometimes I do it by making a mark on the fide of the 
bottle in which I have received the air, anfwering 
to the furface of the water therein; and then, fitting 
the upright, find how much water it requires to fill it 
up to that mark. 

In order to transfer the air out of one bottle into 
another, thefimpleft way, and that which Ihave ofteneft 
made ufe of, is that reprefented Fig. 2. where A is 
the bottle, into which the air is to be transferred: it is 
iuppofed to be filled with water and inverted into the 
veflel of water DEFG, and fufpended there by a 
firing: the line DGis the furface of the water: B 
reprefents a tin funnel held under the mouth of the 
bottle: C reprefents the inverted bottle, out of which 
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the air is to be transferred j the mouth of which is lifted 
up till the air runs out of it into the funnel, and from 
thence into the bottle A. 

In order to transfer air out of a bottle into a bladder, 
the contrivance Fig. 3. is made ufe of. A is the 
bottle out of which the air is to be transferred, in¬ 
verted into the veflel of water FGHK: B is a 
bladder whole neck is tied faft over the hollow piece 
of wood Cc, fo as to be air-tight. Into the piece of 
wood is run a bent pewter pipe D, and fccured with 
lute*. The air is then prefled out of the bladder as 
well as poflible, and a bit of wax E ftuck upon the 
other end of the pipe, fo as to flop up the orifice. 
The pipe, with the wax upon it, is then run up into 
the inverted bottle, and the wax torn off by rubbing it 
againft the fides. By this means, the end of the pipe 
is introduced within the bottle, without fuffering any 
water to get within it. Then, by letting the bottle 
defcend, fo as to be totally immerfed in the water, the 
air is forced into the bladder. 

The weights ufed in the following experiments, 
are troy weights, 1 ounce containing 480 grains. By 
an ounce or grain meafure, I mean fuch a meafure as 
contains one ounce or grain Troy of water. 

* The lute ufed for this purpofe, as well as in all the flowing 
experiments, is compofed of almond powder, made into a patte 
with glue, and beat a good deal with a heavy hammer. This is 
the ftrongeft and mod convenient lute I know of. A tube may be 
cemented with it to the mouth of a bottle, fo as not to fuffer any 
air to efcape at the joint; though the air within is comprefled by 
the weight of feveral inches of water. 


Expe- 
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Experiments on Factitious Air. 
PART I. 

Containing Experiments on Inflammable Air. 

I Know of only three metallic fubftances, namely, zinc, 
iron and tin, that generate inflammable airbyfolu- 
tion in acids; and thofe only by folution in the diluted 
vitriolic acid, or fpirit of fait. 

Zinc diffolves with great rapidity in both thefe 
acids; and,unlefs they are very much diluted, generates 
a confiderable heat. One ounce of zinc produces about 
3 56 ounce meafures of air: the quantity feems juft the 
fame whichfoever of thefe acids it is diflblvedin. Iron 
diflolves readily in the diluted vitriolic acid, but not near 
fo readily as zinc. One ounce of iron wire produces 
about 412 ounce meafures of air: the quantity was juft 
the fame, whether the oil of vitriol was diluted with 
14., or 7 times its weight of water: fo that the quan¬ 
tity of air produced feems not at all to depend on the 
ftrength of the acid. 

Iron diffolves but llowly in fpirit of fait while cold: 
with the affiftance of heat it diflolves moderately faft. 
The air produced thereby is inflammable; but I have 
not tried how much it produces. 

Tin was found to diffolve fcarce at all in oil of 
vitriol diluted with an equal weight of water, while 
cold: with the affiftance of a moderate heat it diflolved 
flowly, and generated air, which was inflammable : 
the quantity was not afcertained. 

Tin diffolves flowly in ftrong fpirit of fait while 
cold: with the affiftance of heat it diflolves moderately 

faft. 
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fall. One ounce of tinfoil yields 202 ounce mea- 
fures of inflammable air. 

Thefe experiments were made, when the thermo¬ 
meter was at 50° and the barometer at 30 inches. 

All thefe three metallic fubftances diflolve readily in 
the nitrous acid, and generate air ; but the air is not at 
all inflammable. They alfo unite readily, with the 
affiftance of heat, to theundiluted acid of vitriol; but 
very little of the fait, formed by their union with the 
acid, diflolves in the fluid. They all unite to the acid 
with a confiderable effervefence, and difcharge plenty 
of vapours, which fmell ftronglyof the volatile ful- 
phureous acid, and which are not at all inflammable. 
Iron is not fenfiblyadted on by this acid, without the 
afliflance of heat; but zinc and tin are in fome 
meafure adted on by it, while cold. 

It feems likely from hence, that, when either of 
the above-mentioned metallic fubftances are diflolved 
in fpirit of fait, or the diluted vitriolic acid, their 
phlogifton flies off, without having its nature changed 
by the acid, and forms the inflammable air; but that, 
when they are diflolved in the nitrous acid, or united 
by heat to the vitriolic acid, their phlogifton unites 
to part of the acid ufed for their folution, and flies off 
with it in fumes, the phlogifton lofing its inflam¬ 
mable property by the union. The volatile fulphur- 
eous fumes, produced by uniting thefe metallic fub¬ 
ftances by heat to the undiluted vitriolic acid, fhew 
plainly, that in this cafe their phlogifton unites to the 
acid; for it is well known, that the vitriolic ful- 
phureous acid confifts of the plain vitriolic acid 

Vol. LVI, U united 
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united to phlogifton *. It is highly probable too, 
that the fame thing happens in diflolving thefe metal* 
lie fubftances in the nitrous acid; as the fumes pro¬ 
duced during the folution appear plainly to confift in 
great meafure of the nitrous acid, and yet it appears, 
from their more penetrating fmell and other reafons, 
that the acid muft have undergone feme change in its 
nature, which can hardly be attributed to any thing 
elfe than its union with the phlogifton. As to the 
inflammable air, produced by diflolving thefe fubftances 
in fpirit of fait or the diluted vitriolic acid, there is 
great reafon to think, that it does not contain any of 
the acid in its compofition j not only becaufe it feems 
to be juft the fame whichfoever of thefe acids it is pro¬ 
duced by; but alfo becaufe there is an inflammable 
air, feemingly much of the fame kind as this, produced 
from animal fubftances in putrefaction, and from 
vegetable fubftances in diftillation, as will be (hewen 
hereafter; though there can be no reafon to fuppofe, 
that this kind of inflammable air owes its production 
to any acid. I now proceed to the experiments made 
on inflammable air. 

I cannot find that this air has any tendency to lofe 
its elafticity by keeping, or that it is at all abforbed, 
either by water, or by fixed or volatile alcalies; as I 
have kept fome by me for feveral weeks in a bottle 
inverted into a veffel of water, without any fenfible 

* Sulphur is allowed by chymifts, to confift of the plain vitriolic 
acid united to phlogifton. The volatile fulphureous acid appears 
to confift of the fame acid united to a lefs proportion of phlogi¬ 
fton than what is required to form fulphur. A circumftance which 
I think (hews the truth of this, is that if oil of vitriol be diftilled, 
from fulphur, the liquor, which comes over, will be the volatile 
fulphureous acid. 

2 decreafe 
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decreafeof bulkj, and as I have alfo kept fome fora 
few days, in bottles inverted into veflels of fope leys 
and fpirit of fal ammoniac, without perceiving their 
bulk to be at all diminifhed. 

It has been obferved by others, that, when a piece 
of lighted paper is applied to the mouth of a bottle, 
containing a mixture of inflammable and common air, 
the air takes fire, and goes off with an explofion. In 
order to obferve in what manner the effect varies 
according to the different proportions in which they 
are mixed, the following experiment was made. 

Some of the inflammable air, produced by diflolving 
zinc in diluted oil of vitriol, was mixed with com¬ 
mon air in feveral different proportions, and the in¬ 
flammability of thefe mixtures tried one after the other 
in this manner. A quart bottle was filled with one 
of thefe mixtures, in the manner reprefented in Fig. z. 
The bottle was then taken out of the water, fet up¬ 
right on a table, and the flame of a lamp or piece of 
lighted paper applied to its mouth. But, in order to 
prevent the included air from mixing with the out¬ 
ward air, before the flame could be applied,ihe mouth 
of the bottle was covered, while under water, with a 
cap made of a piece of wood covered with a few 
folds of linnenj which cap was not removed till the 
inftant that the flame was applied. The mixtures 
were all tried in the fame bottle ; and, as they were all 
ready prepared, before the inflammability of any of 
them was tried, the time elapfed between each trial 
was but fmall: by which means I was better able to 
compare the loudnefs of the found in each trial. The 
refult of the experiment is as follows. 

U 2 
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With one part of inflammable air to 9 of common 
air, the mixture would not take fire, on applying the 
lighted paper to the mouth of the bottle; but, on 
putting it down into the belly of the bottle, the air 
took fire, but made very little found. 

With 2 parts of inflammable to 8 of common air, 
it took fire immediately, on applying the flame to the 
mouth of the bottle, and went off with a moderately 
loud noife. 

With 3 parts of inflammable air to 7 of common 
air, there was a very loud noife. 

With 4 parts of inflammable to 6 of common air, 
the found feemed very little louder. 

With equal quantities of inflammable and common 
air, the found feemed much the fame. In the firft of 
thefe trials, namely, that with one part of inflammable 
to 9 of common air, the mixture did not take fire all 
at once, on putting the lighted paper into the bottle j 
but one might perceive the flame to fpread gradually 
through the bottle. In the three next trials, though they 
made an explofion, yet I could not perceive any light 
within the bottle. In all probability, the flame fpread 
fo inftantly through the bottle, and was fo foon oveiy 
that it had not time to make any impreffion on my 
eye. In the laft mentioned trial, namely, that with 
equal quantities of inflammable and common air, a 
light was feen in the bottle, but which quickly 
ceafed. 

With 6 parts of inflammable to 4 of common air, 
the found was not very loud: the mixture continued 
burning a (horttime in the bottle, after the found was 
over. 
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With 7 parts of inflammable to 3 of common air, 
there was a very gentle bounce or rather puff: it 
contined burning for fome-feconds in the belly of the 
bottle. 

A mixture of 8 parts of inflammable to 2 of com¬ 
mon air caught fire on applying the flame, but without 
any noife: it continued burning for fome time in the 
neck of the bottle, and then went out, without the 
flame ever extending into the belly of the bottle. 

It appears from thefe experiments, that this air, like 
other inflammable fubftances, cannot burn without the 
affiftance of common air. It feems too, that, unlefs 
the mixture contains more common than inflammable 
air, the common air therein is not fufficient to con- 
fume the whole of the inflammable air; whereby 
part of the inflammable air remains, and burns by 
means of the common air, which rulhes into the bottle 
after the explofiom 

In order to find whether there was any difference in 
point of inflammability between the air produced from 
different metals by different acids, five different forts of 
air, namely, 1. Some produced from zinc by diluted 
oil of vitriol, and which had been kept about a fort¬ 
night} 2. Some of the fame kind of air frefh made ; 
3. Air produced from zinc by fpirit of fait; 4. Air 
from iron by the vitriolic acid } 5. Air from tin 
by fpirit of fait} were each mixed feparately. with 
common air in the proportion of 2 parts of in¬ 
flammable air to 7^ of common air, and their 
inflammability tried in the fame bottle,, that was 
ufed for the former experiment, and with the fame 
precautions. They each went off with a pretty loud 
noife, and without any difference in the found that. I 

could 
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could be fure of. Some more of each of the above 
parcels of air were then mixed with common air* in the 
proportion of 7 parts of inflammable air to 34 of 
common air, and tried in the fame way as before. 
They each of them went off with a gentle bounce, 
and burnt fome time in the bottle, without my being 
able to perceive any difference between them. 

In order to avoid being hurt, in cafe the bottle 
fhould burft by the explofion, I have commonly, 
in making thefe fort of experiments, made ufe 
of an apparatus contrived in fuch manner, that, by 
pulling a firing, I drew the flame of a lamp over the 
mouth of the bottle, and at the fame time pulled off 
the cap, while I flood out of the reach of danger. I 
believe, however, that this precaution is not very necef- 
fary} as I have never known a bottle to burft in any of 
the trials I have made. 

The fpecific gravity of each of the above-mentioned 
forts of inflammable air, except the firft, was tried in 
the following manner. A bladder holding about 100 
ounce meafures was filledwith inflammable air, in the 
manner reprefented in Fig 3. and the air prefled out 
again as perfectly as polfible. By this means the 
fmall quantity of air remaining in the bladder was 
almoft intirely of the inflammable kind. So ounce 
meafures of the inflammable air, produced from zinc 
by the vitriolic acid, were then forced into the bladder 
in the fame manner: after which, the pewter pipe was 
taken out of the wooden cap of the bladder, the 
orifice of the cap ftopt up with a bit of lute, and the 
bladder weighed. A hole was then made in the lute, 
the air prefled out as perfe&ly as poffible, and the 
bladder weighed again. It was found to have in- 

creafed 
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creafed in weight 40*. grains. Therefore the air 
preffedout of the bladder weighs 40 \ grains lefs than an 
equal quantity of common air: but the quantity of air 
preffed out of the bladder muft be nearly the fame as 
that which was forced into it, i. e. 80 ounce meafures: 
confequently 8o ounce meafures of this fort of inflam¬ 
mable air weigh 404 grains lefs than an equal bulk of 
common air. The three other forts of inflammable air 
were then tried in the fame way, in the fame bladder, 
immediately one after the other. In the trial with the 
air from zinc by fpirit of fait, the bladder increafed 
407 grains on forcing out the air. In the trial with the 
air from iron, it increafed 414. grains, and in that with 
the air from tin, it increafed 41 grains. The heat of 
the air, when this experiment was made, was 50°; 
the barometer flood at 294. inches. 

There feems no reafon to imagine, from thefe 
experiments, that there is any difference in point of fpe- 
cific gravity between thefe four forts of inflammable 
air j as the fmall difference obferved in thefe trials is 
in all probability lefs than what may arife from the 
unavoidable errors of the experiment. Taking a 
medium therefore of the different trials, 80 ounce mea ¬ 
fures of inflammable air weigh 41 grains lefs than an 
equal bulk of common air. Therefore, if the denfity 
of common air, at the time when this experiment 
was tried, was 800 times lefs than that of water, 
which, I imagine, muft be near the truth *, inflam- 

* Mr. Hawkfbee, whofe determination is ufually followed as 
the moll exadt, makes air to be more than 850 times lighter than 
water j vid. Hawkibee’s experiments, p. 94, or Cotes’s Hydro- 
ftatics,'p. 159. But his method of trying the experiment muft in 
all probability make it appear lighter than it really is. For 
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luable air muft be 5490 times lighter than water, or 
near 7 times lighter than common air. But if the 
denfity of common air was 850 times lefs than that 
of water, then would inflammable air be 9200 times 


having weighed his bottle under water* both when full of air and 
when exhaufted, he fuppofes the difference of weight to be equal 
to the weight of the air exhaufted ; whereas in reality it is not fo 
much : for the bottle, when exhaufted, muftnecefTarily be com- 
preffed, and on that account weigh heavier in water than it would 
otherwife do, Suppofe, for example, that air is really 800 times 
lighter than water, and that the bottle is compreffed -r-*4cro part 
of its bulk; which feems no improbable fuppofttion : the weight 
of the bottle in water will thereby be increafed by of the 

weight of a quantity of water of the fame bulk, or more than 
-rV of the weight of the air exhaufted : whence the difference of 
weight will be not fo much as 44 of the weight of the air ex¬ 
haufted : and therefore the air will appear lighter than it really is in 
the proportion of more than 15 to 14, /. e . more than 857 times 
lighter than water: whereas, if the ball had been weighed in air 
in both circumftances, the error arrifing from the compreffion 
would have been very trifling. 

It appears, from fome experiments that have been made by 
weighing a ball in air, while exhaufted, and alfo after the air was 
let in, that air, when the thermometer is at 50°, and the barometer 
at 29I, is about 800 times lighter than water. Though the 
weight of the air exhaufted was little more than 50 grains, no error 
could well arife near fufficient to make it agree with Hawklbee’s 
experiment. Air feems to expand about - 5 4 o P art by i° of heat, 
whence its denfity in any other ftate of the atmofphere is eafily 
determined. The denfity here affumed agrees very well with the 
rule given by the gentlemen, who meafured the length of a degree 
in Peru, for finding the height of mountains barometrically, and 
which is given in the Connoiffance des mouvemens celeftes, annee 
1762. To make that rule agree accurately with obfervation, the 
denfity of air, whofe heat is the fame as that of the places where 
thefe obfervations were made, and which I imagine we may 
eftimate at about 45 0 , fhould be 798 times lefs than that of water, 
when the barometer ftands at 29! • 
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lighter than water, or io r %. lighter than common 
air. 

This method of finding the denfity of factitious air 
is very convenient and fufnciently accurate, where the 
denfity of the air to be tried is not much lets than that 
of common air, but cannot be much depended on in 
the prefent cafe, both on account of the uncertainty in 
the denfity of common air, and becaufe we cannot be 
certain but what feme common air might be mixed 
with the inflammable air in the bladder, notwith¬ 
standing the precautions ufed to prevent it; both 
which caufes may produce a confiderable error, 
where the denfity of the air to be tried is many times 
left than that of common air. For this reafon, I made 
the following experiments. 

I endeavoured to find the weight of the air dis¬ 
charged from a given quantity of zinc by folution in 
the vitriolic acid, in the manner reprefented in Fig. 4. 
A is a bottle filled near full with oil of vkriol diluted 
with about fix times its weight of water; B is a glafe 
tube fitted into its mouth, and fecured with lute: C is 
a glafs cylinder fattened on the end of the tube, and 
fecured alfb with lute. The cylinder has a fmall hole 
at its upper end to let the inflammable air efcape, and 
is filled with dry pearl-allies in coarfe powder. The 
whole apparatus, together with the zinc, which was 
intended to be put in, and the lute which was to be 
ufed in fecuring the tube to the neck of the bottle, 
were firft weighed carefully; its weight was 11930 
grains. The zinc was then putin, and the tube put in 
its place. By this means, the inflammable air was 
made to pafs through the dry pearl-alhes ; whereby it 
mutt: have been pretty effectually deprived of any acid 
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or watery vapours that could have afcended along with 
it. The ufe of the glafs tube B was to colleft the 
minute jets of liquor, that were thrown up by the 
effervefcence, and to prevent their touching thepearl- 
afhes; for which reafon, a fmall fpace was left between 
the glafs-tube and the pearl-allies in the cylinder. 
When the zinc was dilTolved, the whole apparatus was 
weighed again, and was found to have loft 11 2. grains in 
weight*} which lofs is principally owing to the 
weight of the inflammable air difcharged. But it 
muft beobferved, that, before the effervefcence, that 
part of the bottle and cylinder, which was not oc¬ 
cupied by other more folid matter, was filled with 
common air; whereas, after the effervefcence, it was 
filled with inflammable air; fo that, upon that account 
alone, fuppofing no more inflammable air to be dif¬ 
charged than what was fufficient to fill that fpace, the 
weight of the apparatus would have been diminilhed 
by the difference of the weight of that quantity of 
common air and inflammable air. The whole 
empty fpace in the bottle and cylinder was about 980 
grain meafures, there is no need of exadtnefs} and 
the difference of the weight of that quantity of com¬ 
mon and inflammable air is about one grain: therefore 
the true weight of the inflammable air difcharged, is 
ioi grains. The quantity of zinc ufed was 254 
grains, and confequently the weight of the air dif¬ 
charged is .Jj- or of the weight of the zinc. 

* As the quantity of lute ufed was but fmall, and as this kind 
of lute does not lofe a great deal of its weight by being kept in a 
moderately dry room* no fenfible error could arife from the dry¬ 
ing of theiute during the experiment* 
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It was before faid, that one grain of zinc yielded 356 
gfain meafures of air: therefore 254 grains-of zinc 
yield 90427 grain meafures of air; which we have juft 
found to weigh 104 grains; therefore inflammable air 
is about 8410 times lighter than water, or 104 
times lighter than common air. 

The quantity of moifture condenfed in the pearl- 
alhes was found to be about 14 grains. 

By another experiment, tried exadUy in the fame 
way, the denfity of inflammable air came out 8300 
times lefs than than that of water. 

The fpecific gravity of the air, produced by diffolv- 
ing zinc in fpirit of fait, was tried exactly in the fame 
manner. 244 grains of zinc being diflolved in Jfpirit of 
fait diluted with about four times its weight of water, the 
lofs in effervefcence was 104 grains; the emptyfpace 
in the bottle and cylinder was 914 grain meafures; 
whence the weight of the inflammable air was 9 * 
grains, and confequently its denfity was 891 o times lefs 
than that of water. 

By another experiment, its fpecific gravity came out 
9030 times lighter than water. 

A like experiment was tried with iron. 2504. grains 
of iron being diflolved in oil of vitriol diluted with four 
times its weight of water, the lofs in effervefcence 
was 13 grains, the empty fpace 1420 grain meafures. 
Therefore the weight of the inflammable air was 11.4 
grains /. e. about of the weight of the iron, and its 
denfity was 8973 times lefs than that of water. The 
moifture condenfed was 14 grains. 

A like experiment was tried with tin. 607 grains of 
tinfoil being diflolved in ftrong fpirit of fait, the lofs 
in effervefcence was 144 grains, the empty fpace 873 
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grain meafures: therefore the weight of the inflam¬ 
mable air was 13 *. grains /. e. T '_ of the weight of the 
tin, and its denfity 8918 times iefs than that of water. 
The quantity of moifture condenfed was about three 
grains. 

It is evident, that the truth of thefe determinations 
depend on a fuppofition, that none of the inflammable 
air is abforbed by the pearl-afhes. In order to fee 
whether this was the cafe or no, I diflblved 86 grains of 
zinc in diluted acid of vitriol, and received the air in a 
meafuring bottle in the common way. Immediately 
after, 1 diffolved the fame quantity of zinc in the fame 
kind of acid, and made the air to pafs into the fame 
meafuring bottle, through a cylinder filled with 
dry pearl-afhes, in the manner reprefented in Fig. 5. 
I could not perceive any difference in their bulks. 

It appears from thefe experiments, that there is but 
little, if any, difference in point of denfity between the 
different forts of inflammable air. Whether the 
difference of denfity obferved between the air pro¬ 
cured from zinc, by the vitriolic and that by the ma¬ 
rine acid is real, or whether it is only owing to the 
error of the experiment, I cannot pretend to fay. By 
a medium of the experiments, inflammable air comes 
out 8760 times lighter than water, or eleven times 
lighter than common air. 

Jn order to fee whether inflammable air, in the 
ftate in which it is, when contained in the inverted 
bottles, where it is in contact with water, contains any 
confiderable quantity of moifturediffolvedin it, Iforced 
192 ounce meafures of inflammable air, through a 
cylinder filled with dry pearl-afhes, by means of the 
fame apparatus,which I ufed for filling the bladders with 

inflam- 
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inflammable air, and which is reprefented in Fig. 3. 
The cylinder was weighed carefully before and after 
the air Was forced through} whereby it was found to 
have increafed 1 grain in weight. The empty fpace in 
the cylinder was 248 grains, the difference of weightof 
which quantity of common and inflammable air is 4 
of a grain. Therefore the real quantity of moifture 
condenfed in the pearl-afhes is 14 grain. The weight 
of i92ouncemeafuresofinflammableairdeprived of its 
moifture appears from the former experiments to be 
104 grains} therefore its weight when faturated with 
moifture would be 114 grains. Therefore inflam¬ 
mable air, in that ftate in which it is in, when kept 
under the inverted bottles, contains near 4 its weight 
of moifture; and its fpecific gravity in that ftate is 
7840 times lefs than that of water. 

I made an experiment with defign to fee, whether 
copper produced any inflammable air by folution in 
fpirit of fait. I could not procure any inflammable 
air thereby: but the phenomena attending it feem 
remarkable enough to deferve mentioning. The 
apparatus ufed for this experiment was of the fame 
kind as that reprefented in Fig. 1. The bottle A was 
filled atmoft full of ftrong fpirit of fait, with fome 
fine copper wire in it. The wire feemed not at all 
adted on by the acid, while cold} but, with the 
afiiftance of a heat almoft fufficient to make the acid 
boil, it made a cqnfiderable effervefcence, and the air 
paffed through the bent tube, into the bottle D, pretty 
faft, till the air forced into it by this means feemed 
almoft equal to the empty fpace in the bent tube and 
the,bottle A: when, on a fudden, without any fenfihle 
alteration of the heat, ,the water ruffled violently 
1 through 
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through the bent tube into the bottle A, and filled it 
aim oft intirely full. 

The experiment was repeated again in the fame 
manner, except that I took away the bottle D, and 
let out fome of the water of the ciftern: fo that the 
end of the bent tube was out of water. As foon as 
the effervefcence began, the vapours iflued vifibly out 
of the bent tube; but they were not at all inflam¬ 
mable, as appeared by applying a piece of lighted 
paper to the end of the tube. A fmall empty phial 
was then inverted over the end of the bent tube, fo 
that the mouth of the phial was immerfed in the water, 
the end of the tube being withirfthe body of the phial 
and out of water. The common air was by degrees 
expelled out of the phial, and its room occupied by the 
vapours; after which, having chanced to lhake the 
inverted phial a little, the water fuddenly rulhed in, 
and filled it almoft full; from thence it paflfed through 
the bent tube into the bottle A, and filled it quite full. 
It appears likely from hence that copper, by folution 
in the marine acid, produces an elaftic fluid, which 
retains its elafticity as long as there is a barrier of com¬ 
mon air between it and the water, but which imme¬ 
diately lofes its elafticity, as foon as it comes in contadt 
with the water. In the firft experiment, as long as 
any confiderable quantity of common air was left in 
the bottle containing the copper and acid, the vapours, 
which pafled through the bent tube, mufthave contain¬ 
ed a good deal of common air. As foon therefore as 
any part of thefe vapours came to the farther end of 
the bent tube, where they were in contact with the 
water, that part of them, which confifted of the air 
from copper, would be immediately condenfed, leav- 
4 in g 
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ing the common air unchanged; whereby the end of 
the tube would be filled with common air only; by 
which means the vapours, contained in the reft of the 
tube and bottle A, feem to have been defended from 
the adion of the water. But when almoft all the 
common air was driven out of the bottle, then the 
proportion of common air contained in the vapours, 
which paded through the tube, feems to have been 
too fmall to defend them from the adion of the water. 
In the fecond experiment, the narrow fpace left be¬ 
tween the neck of the inverted phial and the tube 
would anfwer much the fame end, in defending the 
vapours within the inverted phial from the adion of 
the water, as the bent tube in the firft experiment did 
in defending the vapours within the bottle from the 
adion of the water. 

Experiments on Factitious Air. 
PART II. 

Containing Experiments on Fixed Air , or that Species of 
Factitious Air, which is produced from Alcaline 
Subjiances, by Solution in Acids or by Calcination . 

Experiment I. 

T HE air produced, by diflblving marble in fpirit 
of fait, was caught in an inverted bottle of water, 
in the ufual manner. In lefs than a day’s time, much 
the greateft part of the air was found to be abforbed. 
The water contained in the inverted bottle was found 
to precipitate the earth from lime-water y a fure fign 
that it had abforbed fixed air *. 

* Lime, as Dr. Black has fhevvn, is no more than a calcarious 
earth rendered foluble in water by being deprived of its fixed 

Expert- 
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Experiment II. 

I filled a Florence flafk in the fame way with the 
fame kind of fixed air. When full, I ftopt up the 
mouth of the flafk with my finger, while under water, 
and removed it into a veflel of quickfilver, fo that the 
mouth of the flafk was intirely immerfed therein. It 
was kept in this fituation upwards of a week. The 
quickfilver rofe and fell in the neck of the flafk, ac¬ 
cording to the alterations of heat and cold, and of the 
height of the barometer j as it would have done if it 
had been filled with common air. But it appeared, 
by comparing together the heights of the quickfilver 
at the fame temper of the atmofphere, that no part of 
the fixed air had been abforbed or loft its elafticity. 
The flafk was then removed, in the fame manner as 
before, into a veflel of fope leys. The fixed air, by 
this means, coming in contact with the fope leys, was 
quickly abforbed. 

I alfo filled another Florence flafk with fixed air, 
and kept it with its mouth immerfed in a veflel of 
quickfilver in the fame manner as the Other, for up¬ 
wards of a year, without being able to perceive any 
air to be abforbed. On removing it into a veflel 
of fope leys, the air was quickly abforbed like the 
former. 

It appears from this experiment, that fixed air has 
no difpofition to lofe its elafticity, unlefs it meets with 

air. Lime water is a folution of lime in water: therefore* on mixing 
lime water with any liquor containing fixed air, the lime abforbs 
the air, becomes infolub!e in water, and is precipitated. This 
property of water, of ablorbing fixed air, and then making a 
vKecioitate with lime water* has been taken notice of by Mr* 
MtBi-idev 
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with water or fome other fubftance proper to abforb 
it, and that its nature is not altered by keeping. 

Experiment III. 

In order to find how much fixed air water would 
abforb, the following experiment was made. A cylin¬ 
drical glafs, with divifions marked on its fides with 
a diamond, {hewing the quantity of water which it 
required to fill it up to thofe marks, was filled with 
quickfilver, and inverted into a glafs filled with the 
fame fluid. Some fixed air was then forced into this 
cylindrical glafs, in the fame manner that it was into 
the inverted bottles of water, in the former experi¬ 
ments } except that, to prevent any common air from 
being forced into the glafs along with the fixed, 1 
took care not to introduce the end of the bent tube 
within the cylindrical glafs, till I was well allured that 
no common air to fignify could remain within the 
bottle. This was done by firflr introducing the end of 
the bent tube within an inverted bottle of water, and 
letting it remain there, till the air driven into this 
bottle was at leafl: 10 times as much as would fill the 
empty lpace in the bent tube, and,the bottle containing 
the marble and acid. By this means one might be 
well allured, that the quantity of common air re¬ 
maining within the bent tube and bottle mull be 
very trifling. The end of the bent tube was then 
introduced within the cylindrical glafs, and kept there 
till a fufiicient quantity of fixed air was let up. After 
letting it Hand a few hours, the divifion anfwering to 
the furface of the quickfilver in the cylinder was ob- 
lerved and wrote down,, by which it was known how 
mMch fixed air had been let up. A little rain water 
Vol. LVI, Y was 
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was then introduced into the cylindrical glafs, by 
pouring fome rain water into the velfel of quickfilver, 
and then lifting up the cylindrical glafs fo as to raife 
the bottom of it a little way out of the quickfilver. 
After having fuffered it to ftand a day or two, in 
which time the water feemed to have abforbed as 
much fixed air as it was able to do, the divifion 
anfwering to the upper furfaceof the water, and alfo 
that anfwering to the furface of the quickfilver, were 
obferved: by which it was known how much air 
remained not abforbed, and alfo how much water 
had been introduced : the divifion anfwering to the 
furface of the water telling how much air remained 
not abforbed, and the difference of the two divifions 
telling how much water had been let up. More 
water was then let up in the fame manner, at different 
times, till almoft the whole of the fixed air was ab¬ 
forbed. As all water contains a little air, the water 
ufed in this experiment was firfi: well purged of it by 
boiling, and then introduced into the cylinder while 
hot. The refult of the experiment is given in the 
following table ; in which the fifft column fhews the 
bulk of the water let up each time; the fecond fhews 
the bulk of air abforbed each time j the third the 
whole bulk of water let up; the fourth the whole 
bulk of air abforbed; and the fifth column fhews the 
bulk of air remaining not abforbed. In order to fet 
the refult in a clearer light, the whole bulk of air 
introduced into the cylinder is called 1, and the other 
quantities fet down in decimals thereof. 


Bulk 
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Bulk of air let up =i. 

Bulkofwate: Bulk of air Whole bulk Whole bulk Whole bulk 
let up each abforbed of water of air of air 

time. each time. let up. abforbed. remaining. 

.626 
.141 

•093 

.014 

I imagine that the quantities of water let up and 
of the air abforbed could be eftimated to about three or 
four 1 oooth parts of the whole bulk of air introduced. 
The height of the thermometer, during the trial of 
this experiment, was at a medium 55°. 

This experiment was tried once before. The refult 
agreed pretty nearly with this; but, as it was not tried 
fo carefully, the refult is not fet down. 

It appears from hence, that the fixed air contained 
in marble confifts of fubftances of different natures, 
part of it being more foluble in water than the reft: 
it appears too, that water, when the thermometer is 
about 55 0 , will abforb rather more than an equal bulk 
of the more foluble part of this air. 

It appears, from an experiment which will be men¬ 
tioned hereafter, that water abforbs more fixed air in 
cold weather than warm; and, from the following 
experiment, it appears, that water heated to the boil¬ 
ing point is fo far from abforbing air, that it parts with 
what it has already abforbed, 

Y 2 


• 3 22 -374 

.481 .485 

.082 .048 

.145 I .079 


•322 -374 

.803 .8co 

.885 .907 

1.030 .986 
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Experiment IV. 

Some water, which had abforbed a good deal of 
fixed air, and which made a confiderable precipitate 
with lime water, was put into a phial, and kept about 
1 . of an hour in boiling water. It was found when 
cold not to make any precipitate, or to become in the 
leaf! cloudy on mixing it with lime water. 

Experiment V. 

Water alfo parts with the fixed air, which it has 
abforbed by being expofed to the open air. Some of 
the fame parcel of water, that was ufed for the laft 
experiment, being expofed to the air in a iaucer for 
a few days, was found at the end of that time to make 
no clouds with lime water. 

Experiment VI. 

In like manner it was tried how much of the fame 
fort of fixed air was abforbed by fpirits of wine. The 
refult is as follows. 


Bulk of air introduced = i. 


Spirit let up 
each time. 

• 207 
.146 
.074 
.046 


Air 

abforbed 
each time. 

•453 

• 2 7 4 

.103 

.030 


Whole 
bulk of fpirit 
let up. 

.207 

•353 

.427 

•473 


Whole 
bulk of air 
abforbed. 

•453 

.727 

.830 

.860 


Bulk of air 
remaining. 


•547 

• 2 73 

.170 

.140 


The 
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The mean height of the thermometer, during the 
trial of the experiment, was 46°. Therefore fpirit of 
wine, at the heat of 46°, abforbs near 24 times its bulk 
of the more ioluble part of this air. 

Experiment VII. 

After the fame manner it was tried how much fixed 
air is abforbed by oil. Some olive oil, equal in bulk 
to 4 part of the fixed air in the cylindrical glafs, was 
let up. It abforbed rather more than an equal bulk 
of air j the thermometer being between 40 and 50. 
The experiment was not carried any farther. The oil 
was found to abforb the air very flowly. 

Experiment VIII. 

The fpecific gravity of fixed air was tried by means 
of a bladder, in the fame manner which was made 
ufe of for finding the fpecific gravity of inflammable 
air ■, except that the air, inftead of being caught in an 
inverted bottle of water, and thence transferred into the 
bladder, was thrown into the bladder immediately 
from the bottle which contained the marble and fpirit 
of fait, by fattening a glafs tube to the wooden cap 
of the bladder, and luting that to the mouth of the 
bottle containing the effervefcing mixture, in fuch 
manner as to be air-tight. The bladder was kept on 
till it was quite full of fixed air: being then taken off" 
and weighed, it was found tolofe 34 grains, by forcing 
out the air. The bladder was previoufly found to 
hold 100 ounce meafures. Whence if the outward 
air, at the time when this experiment was tried, is 
fuppofed to have been 800 times lighter than water, 
fixed air is 511 times lighter than water, or i- r 5 < 7 -o times 

heavier 
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heavier than common air. The heat of the air 
during the trial of this experiment was 45 0 . 

By another experiment of the fame kind, made 
when the thermometer was at 65°, fixed air feemed 
to be about 563 times lighter than water. 

Experiment IX. 

Fixed air has no power of keeping fire alive, as 
common air has; but, on the contrary, that property 
of common air is very much diminilhed by the mix¬ 
ture of a fmall quantity of fixed air j as appears from 
hence. 

A fmall wax candle burnt 80" in a receiver, which 
held 190 ounce meafures, when filled with common 
air only. 

The fame candle burnt 5 1" in the fame receiver, 
when filled with a mixture of one part of fixed air to 19 
of common air, i. e. when the fixed air was -V of the 
whole mixture. 

When the fixed air was of the whole mixture, 
the candle burnt 23''. 

When the fixed air was T ' v of the whole, it burnt 

11" 

When the fixed air was « or ~L of the whole 

mixture, the candle went out immediately. 

Hence it fhould feem, that, when the air con¬ 
tains near 4. its bulk of fixed air, it is unfit for fmall 
candles to burn in. Perhaps indeed, if I had ufed a 
larger candle and a larger receiver, it might have burnt 
in a mixture containing a larger proportion of fixed air 
than this ; as I believe that large flaming bodies will 
barn in a fouler air than fmall ones. But this is 
ihffccient to lhew, that the power, which common air 
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has of keeping fire alive, is very much diminiflied by a 
fmall mixture of fixed air. 

This experiment was tried, by fetting the candle in a 
large cittern of water, in fuch manner that the flame 
was raifed but a little way above the furface 5 the re¬ 
ceiver being inverted full of water into the fame 
cittern. The proper quantity of fixed air was then let 
up, and the remaining Ipace filled with common air, 
by railing the receiver gradually out of water; after 
which, it was immediately whelmed gently over the 
burning candle. 

Experiments on the Quantity of Fixed Air, contained 
in Alcaline Subfiances. 

Experiment X. 

The quantity of fixed air contained in marble was 
found by diflolving fome marble in fpirit of fait, and 
finding the lofs of weight, which it fuffered in effer- 
vefcence, in the fame manner as I found the weight 
of the inflammable air difcharged from metals by 
folution in acids, except that the cylinder was filled 
with Ihreds of filtering paper inftead of dry pearl 
allies; for pearl allies would have abforbed the fixed 
air that patted through them. The weight of the 
marble diflolved was 3114. grains. The lofs of 
weight in efiervefcence was 1254. grains. The whole 
empty fpace in the bottle and cylinder was about 
2700 grain meafures: the excefs of weight of that 
quantity of fixed, above an equal quantity of common, 
air is 14. grains. Therefore the weight of the fixed 
air difcharged is 1274. grains. The cylinder with the 
filtering paper was found to have increafed 1.4 grains 
in weight during the efFervefcence. The empty Ipace 

in 
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in the cylinder was about 1160 grain meafures: the 
excefs of weight of which quantity of fixed air above 
an equal bulk of common air is 1 grains. Therefore 
the quantity of mcifture condenfed in the filtering 
paper is one grain, or about part of the weight of 
the air difcharged. 

As water has been already (hewn to abforb fixed 
air, it feemed not improbable, but what there might 
be fome fixed air contained in the foiution of marble 
in fpirit of fait; in which cafe the air di/charged, 
during the effervefcence, would not be the whole of 
the fixed air in the marble. In order to fee whether 
this was the cafe, I poured fome of the foiution into 
lime water. It made fcarce any precipitate; which, 
as the acid was intirely faturated with marble, it would 
certainly have done it the foiution had contained any 
fixed air. It appears therefore from this experiment, 

firft, that marble contains — A2Z. G f i ts weight 

3114. IGOO 0 

of fixed air; and fecondly, that the quantity of 
moifture, which flies off along with the fixed air in 
effervefcence, is but trifling; as I imagine that the 
greateft part of what did fly off muft have been 
condenfed in the filtering paper. 

By another experiment tried much in the fame way, 
marble was found to contain of its weight of 

fixed air. 

Experiment XI. 

Volatile fal ammoniac diflolves with too great 
rapidity in acids, and makes too violent an effer- 
veftence, to allow one to try what quantity of fixed 
1 air 
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air it contains in the foregoing manner : I therefore 
made ufe of the following method. 

Three fmall phials were weighed together in the 
fame fcale. The firft contained fome weak fpirit of 
fait, the fecond contained fome volatile fal ammoniac 
in moderate lized lumps without powder, corked up 
to prevent evaporation, and the third, intended for 
mixing the acid and alcali in, contained only a little 
water, and was covered with a paper cap, to prevent 
the fmall jets of liquor, which are thrown up during 
the effervefcence, from efcaping out of the bottle. In 
order to prevent too violent an effervefcence, the acid 
and alcali were both added by a little at a time, care 
being taken that the acid fhould always predominate 
in the mixture. Care was alfo taken always to cover 
the bottle with the paper cap, as foon as any of the 
acid or alcali were added. As foon as the mixture 
was finifhed, the three phials were weighed again ; 
whereby the lofs in effervefcence was found to be 134 
grains. The weight of the volatile fait made ufe of was 
2 54 grains, and was pretty exa&ly fufficient to faturate 
the acid. The folution appeared, by pouring fome 
pf it into lime water, to contain fcarce any fixed air. 
Therefore 254 grains of the volatile fal ammoniac 
contain 1 34 grains of fixed air, i, e. 444* of their 
weight. It appeared from the fame experiment, that 
1680 grains of the volatile fait faturate as much acid 
as 1000 grains of marble. 

By another experiment, tried with fome of the 
fame parcel of volatile fait, it was found to contain 
7 5 w<r 0 f i ts weight of fixed air, and 1643 grains of 
it faturated as much acid as 1000 grains of marble, 
By a medium, the fait contained 444^ of its weight 
Vo l. LVI. Z of 
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©f fixed air; and 1661 grains of it faturated as 
much acid as 1000 grains of marble. 

One thoufand grains of marble were found to 
contain 4074. grains of air, and 1661 grains of vola¬ 
tile fal ammoniac contain 885 grains. Therefore this 
parcel of volatile fal ammoniac contains more fixed 
air, in proportion to the quantity of acid that it can 
laturate, than marble does, in the proportion of 885 
to 4074, or of 217 to 100. 

N. B. It is not unlikely, that the quantity of fixed 
air may be found to differ conliderably in different 
parcels of volatile fal ammoniac; fo that any one, 
who was to repeat thefc experiments, ought not to be 
furprized if he was to find the refult to differ confi- 
derably from that here laid down. The fame thing 
may be laid of pearl allies. 

Experiment XII. 

This ferves to account for a remarkable phenome¬ 
non, which I formerly met with, on putting a folution 
of volatile fal ammoniac in water into a folution of 
chalk in fpirit of fait. The earth was precipitated 
hereby, as might naturally be expedted: but what 
furprized me, was, that it was attended with a con- 
fiderable effervefcence; though I was well affured, 
that the acid in the folution of chalk was perfedtly 
neutralized. This is very eafily accounted for, from 
the above-mentioned circumftance of volatile fal 
ammoniac containing more fixed air in proportion to 
the quantity of acid that it can faturate, than calca¬ 
reous earths do. For the volatile alcali, by uniting 
to the acid, was neceffarily deprived of its fixed air. 
Part of this air united to the calcareous earth, which 

was 
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was at the fame time ieparated from the acid bat, as 
the earth was not able to abforb the whole of the 
fixed air, the remainder flew off in an elaftic form, 
and thereby produced an effervefcence. 

Experiment XIII, 

The fame folution of volatile fal ammoniac made 
no precipitate, when mixed with a folution of Epfom 
fait j though a mixture thereof with a little fpirit of 
fal ammoniac, made with lime, immediately precipi¬ 
tated the magnefia from the fame folution of Epfom 
fait} as it ought to do according to Dr. Black’s account 
of the affinity of magnefia and volatile alcalies to 
acids. This experiment is not fo eafily accounted for 
as the laft; but I imagine, that the magnefia is really 
feparated from the acid by the volatile alcali} but that 
it is foluble in water, when united to fo great a pro¬ 
portion of fixed air, as is contained in a portion of 
volatile fal ammoniac, fufficient to faturate the fame 
quantity of acid. The reafon, why the mixture of 
the folution of volatile fal ammoniac, with the fpirits 
of fal ammoniac made with lime, precipitates the 
magnefia from the Epfom fait, is that, as the fpirits 
made with lime contain no fixed air, the mixture of 
thefe fpirits with the folution of volatile fal ammoniac 
contains lefs air in proportion to the quantity of acid 
which it can faturate, than the folution of volatile fal 
ammoniac by itfelf does. 

Volatile fal ammoniac requires a great deal of 
water to difiolve it, and the folution has not near fo 
ftrong a fmell as the fpirits of fal ammoniac made 
with fixed alcali; the reafon of which is, that the 
latter contain much lefs fixed air. But volatile fal 

Z 2 ammo- 
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ammoniac diffolves in coniiderable quantity in weak 
fpirits of fal ammoniac made with lime, and the 
folution differs in no refpedt from the fpirits made with 
fixed alcali. This is a convenient way of procuring 
the mild fpirits of fal ammoniac, as thofe made with 
fixed alcali are feldom to be met with in the fhops. 

Experiment XIV. 

The quantity of fixed air contained in pearl afhes 
was tried, by mixing a folution of pearl afhes with 
diluted oil of vitriol, in the fame manner as was ufed 
for volatile fal ammoniac. As much of the folution 
was ufed as contained 328-i grains of dry pearl afhes. 
The lofs of effervefcence was 90 grains. The mix¬ 
ture, which was perfectly neutralized, being then 
added to a fufficient quantity of lime water, in order 
to fee whether it contained any fixed air, a precipitate 
was made, which being dried weighed 84. grains. 
Therefore, if we fuppofe this precipitate to contain as 
much fixed air as an equal weight of marble, which 
I am wellaffured cannot differ very confiderably from 
the truth, the fixed air therein is 34 grains, and confe- 
quently the air in 3284. grains of the pearl afhes, is 
934. grains, i. e. -Wo of their weight. 

By another experiment tried in the fame way, they 
appeared to contain of their weight of fixed air. 

1538 grains of the pearl afhes were found to faturate 
as much acid as 1000 grains of marble. Therefore 
this parcel of pearl afhes contains more air in propor¬ 
tion to the quantity of acid that it can faturate, than 
marble does, in the proportion of 109 to 100. 

Experi- 
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Experiment XV. 

Dr. Black fays, that, by expofing a folution of fait of 
tartar for a long time to the open air, fome cryftals 
were formed in it, which feemed to be nothing elfe 
than the vegetable aicali united to more than its ufual 
proportion of fixed air. This induced me to try, 
whether I could not perform the fame thing more 
expeditioufly, by furnifhing the aicali with fixed air 
artificially; which I did in the manner reprefented in 
Fig. 6: where A reprefents a wide-mouthed bottle, 
containing a folution of pearl afhesj B b reprefents a 
round wooden ring fattened over the mouth of the 
bottle, and fecured with luting j C is a, bladder bound 
tight over the wooden ring. This bladder, being firft 
prefled clofe together, fo as to drive out as much of the 
included air as poflible, was filled with fixed air, by 
means of the bent tube D; one end of which is fixed 
into the wooden ring, and the other fattened into the 
mouth of the bottle E,. containing marble and fpirit of 
fait. By this means the fixed air thrown into the 
bladder mixed with the air in the bottle, and came in 
contadl with the fixed aicali. The fixed air was by 
degrees abforbed, and cryftals were formed on the 
furface of the fixed aicali, which were thrown to the 
bottom by fhaking the bottle. When the aicali had 
abforbed as much fixed air as it would readily do, the 
cryftals were taken out and dryed on filtered paper, 
and the remaining folution evaporated; by which 
means fome more cryftals. were procured. 

N. B. It feemed, as, if not all the air difcharged from 
the marble was of a nature proper to be abforbed by 
the aicali, but only part of it; for when the aicali had 

abforbed 
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abforbed fomewhat more than 4. of the air firit 
thrown into the bladder, it would not abforbany more: 
but, on prefiing the remaining air out of the bladder, 
and fupplying its place with frefli fixed air, a good 
deal of this new air was abforbed. I cannot, how¬ 
ever, fpeak pofitively as to this point; as I am not 
certain whether the apparatus was perfectly air¬ 
tight*. 

Thefe cryftals do not in the leaft attradt the moifture 
of the air; as I have kept fome, during a whole win- 
ter, expofed to the air in a room without a fire, with¬ 
out their growing at all moift or increasing in 
weight. 

Being held over the fire in a glafs veflel, they did 
not melt as many falts do, but rather grew white and 
calcined. 

They diflolve in about four times their weight of 
water when the weather is temperate, and diflolve in 
greater quantity in hot water than cold. 

It was found, by the lame method, that was made 
life of for the volatile fal ammoniac, that thefe cryftals 
contain °f their weight of fixed air, and that 

2035 grains of them faturate as much acid as 1000 
grains of marble. Therefore thefe cryftals contain 
more air in proportion to the quantity of acid they 

* Pearl alhes deprived of their fixed air, i. e. fope leys, will 
abl'orb the whole of the air difcharged from marble; as I know 
by experience. But yet it is not improbable, but that the fame 
alcali, when near faturated with fixed air, may be able to abforb 
only fome particular part of it. For as it has been already (hewn, 
that part of the air difcharged from marble is more foluble in 
water than the reft; fo it is not unlikely, but that part of it may 
have a greater affinity to fixed alcali, and be abforbed by it in 
greater quantity than the reft. 

faturate. 
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fatorate, than marble does, in the ratio of 211 to 
100. 

Experiment XVI. 

As thefe cryftals contain about as much fixed air in 
proportion to the quantity of acid, that they can 
faturate, as volatile fal ammoniac does, it was natural 
to exped, that they fiiould produce the fame effeds 
with a folution of Epfom fait, or a folution of chalk 
in fpirit of fait j as thofe effeds feemed owing only to 
the great quantity of fixed air oontained in volatile fal 
ammoniac. This was found to be the real cafe: for a 
folution of thefe cryftals in five times their weight of 
water, being dropt into a folution of chalk in fpirit of 
fait, the earth was precipitated, and an effervefcence 
was produced. No precipitate was made on dropping 
fome of the lame folution into a folution of Epfom 
fait, though the mixture was kept upwards of twelve 
hours. But, upon heating this mixture over the fire, 
a great deal of air was difcharged, and the magnefia 
was precipitated. 

Experiments on Factitious Air. 

PART III. 

Containing Experiments on the Air, produced by Fer¬ 
mentation and Putrefaction. 

M R. M‘Bride has already Ihewn, that vegetable 
and animal fubftances yield fixed air by fer¬ 
mentation and putrefadion. The following experi¬ 
ments were made chiefly with a view of feeing, whe¬ 
ther they yield any other fort of air befides that. 

Experi- 

1 
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Experiment I. 

The air produced from brown fugar and water, by 
fermentation, was caught in an inverted bottle of fope 
leys in the ufual manner, and which is reprefented in 
Fig. i. As the weather was too cold to fuffer the 
fugar and water to ferment freely, the bottle contain¬ 
ing it was immerfed in water, which, by means of a 
lamp, was kept conftantly at about 8o° of heat. The 
quantity of fugar put into the bottle was 931 grains: 
it wasdiflolved in about 6.1 times its weight of water, 
and mixed with 100 grains of yeaft, by way of fer¬ 
ment. The empty fpace left in the fermenting bottle 
and tube together meafured 1920 grains. The mix¬ 
ture fermented freely, and generated a great deal of 
air, which was forced up in bubbles into the inverted 
bottle, but was abforbed by the fope leys, as faft as it 
rofe up. It frothed greatly ; but none of the froth 
or liquor ran over. In about ten days, the fermen¬ 
tation feeming almoft over, the veflels were feparated. 
The bottle with the fermented liquor was found to 
weigh 412 grains lefs than it did, before the fermen¬ 
tation began. As none of the liquor ran over, and as 
little or no moifture condenfed within the bent tube, 
I think one may be well allured, that the lofs of 
weight was owing intirely to the air forced into the 
inverted bottle; for the matter difcharged, during the 
fermentation, muft have confided either of air, or 
of fome other fubftance, changed into vapour: if this 
laft was the cafe, I think it could hardly have failed, 
but that great part of thofe vapours muft Jiave con¬ 
denfed in the tube. The air remaining unabforbed in 
the inverted bottle of fope leys was meafured, and was 
2 found 
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found to be exactly equal to the empty fpace left in 
the bent tube and fermenting bottle. It appears 
therefore, that there is not the lead: air of any kind 
difcharged from the fugar and water by fermentation, 
but what is abforbed by the fope leys, and which may 
therefore be reafbnably fuppofed to be fixed air. It 
feems alfo, that no part of the common air left in the 
fermenting bottle was abforbed by the fermenting 
mixture, or fuffered any change in its nature from 
thence: for a fmall phial being filled with one part of 
this air, and two of inflammable air; the mixture 
went off with a bounce, on applying a piece of lighted 
paper to the mouth, with exactly the fame appear¬ 
ances, as far as I could perceive, as when the phial was 
filled with the fame quantities of common and in¬ 
flammable air. 

The fugar ufed in this experiment was moift, and 
was found to lofe parts of its weight by drying 
gently before a fire. Therefore the quantity of dry 
fugar ufed was 715 grains; and the weight of the air 
difcharged by fermentation appears to be near 412 
grains, /. e. near parts of the weight of the dry 
fugar in the mixture. 

The fermented liquor was found to have intirely 
loft its fweetnefs; fo that the vinous fermentation 
feemed to be compleated; but it was not grown at 
all four. 


Experiment II. 

The air,difcharged from apple-juice by fermentation, 
was tried exadtly in the fame manner. The quantity 
fet to ferment was yob'o grains, and was mixed with 
100 grains of yeaft. Some of the fame parcel of 

Vol. LVI. A a apple- 
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apple-juice, being evaporated gently to the confiftence 
of a moderately hard extract, was reduced to 4. of its 
weight; fo that the quantity of extra#, in the 7060 
grains of juice employed, was 1009 grains. The 
liquor fermented much fafter than the fugar and 
water. The lofs of weight during the fermentation 
was 384 grains. The air remaining unabforbed in the 
inverted bottle of fope leys was loft by accident, fo 
that it could not be meafured ; but, from the fpace it 
took up in the inverted bottle, I think I may be 
certain that it could not much exceed the empty fpace 
in the bent tube and fermenting bottle, if it did at 
all. Therefore there is no reafon to think that the 
apple-juice, any more than the fugar and water, pro¬ 
duced any kind of air during the fermentation, except 
fixed air. It appears too, that the fixed air was near 
T WV of the weight of the extra# contained in the 
apple-juice. The fermented liquor was very four; 
fo that it had gone beyond the vinous fermentation, 
and made fome progrefs in the acetous fermentation. 

In order to compare more exa#ly the nature of the 
air produced from fugar by fermentation, with that 
produced from marble by folution in acids, I made 
the three following experiments. 

Experiment III. 

I firft tried in what quantity the air from fugar was 
abforbed by water, and at the fame time made a like 
experiment on the air difcharged from marble, by 
folution in fpirit of fait. This was done exa#ly in the 
fame way as the former experiments of this kind. 
The refult is as follows, beginning with the air from 
fugar and water. 


Air 
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Air from fugar and water Jet up ssiooo. 


Bulk of 

Bulk of air 

Wholebulk 

Wholebulk 

Bulk of air 

water let up 

abforbed 

of water 

of air 

remaining. 

each time. 

each time. 

let up. 

abforbed. 


375 

5 l 7 

375 

517 

483 

143 

164 

518 

681 

3*9 

153 

164 

6 7 3 

845 

154 1 

82 

103 

755 

948 

5 2 1 


Air from marble let up =1000. 


39 i 

473 

39 1 

473 

527 

J 43 

133 

534 

606 

394 

284 

ll 5 

818 

811 

189 

194 

80 

1.012 

891 

109 


Height of 
thermometer 
when obferr, 
was made. 


40 

45 

45 

46 


40 

45 
45 
4 6 


The apparatus ufed in this experiment was fuf- 
fered to remain in the fame fituation till fummer, when 
the thermometer ftood at 65°. The bulk of the air 
from fugar, not abforbed by the water, was then found 
to be 287; fo that the matter had remitted 235 parts 
of air. The bulk of the air from marble not abforbed, 
was 194; fo that 85 parts were remitted; which is 
therefore a proof, that water abforbs lefs fixed air in 
warm weather than cold. 

It appears from this experiment, that the air pro¬ 
duced from fugar by fermentation, as well as that 
difcharged from marble by folution in acids, confifts of 
fubftances of different nature: part being abforbed 
by water in greater quantity than the red. But, in 

A a 2 general. 
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general, the air from fugar is abforbed in greater quan¬ 
tity than that from marble. 

In forcing the air from fugar into the cylindrical 
glafs, no fenlible quantity of moifture was found to 
condenfe on the furface of the quickfilver, or Tides 
of the glafs; which is a proof that no conliderable 
quantity of any thing except air could fly off from 
the fugar and water in fermentation. 

Experiment IV. 

The fpecific gravity of the air produced from fugar 
was found in the fame way as that produced from 
marble. A bladder holding 102 ounce meafures, 
being filled with this kind of air, loft 294. grains on 
forcing out the air, the thermometer ftanding at 62°, 
and the barometer at 294 inches. Whence, fuppofing 
the outward air during the trial of this experiment to 
be 826 times lighter than water, as it fhould be, ac¬ 
cording to the fuppolition made ufe of in the former 
parts of this paper, the air from fugar fhould be 554 
times lighter than water. Its denfity therefore appears 
to be much the fame as that of the air contained in 
marble; as that air appeared to be 511 times lighter 
than water, by a trial made when the thermometer 
was at 45 0 ; and 563 times lighter, by another trial 
when the thermometer was at 65°. 

This air feems alfo to poflefs the property of ex- 
tinguifliing flame, in much the fame degree as that 
produced from marble; as appears from the follow¬ 
ing experiment. 

Experiment V. 

A fmall wax candle burnt 15" in a receiver filled 
with -j’-g- of air from fugar, the reft common air. 

6 


In 
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In a mixture containing T 6 T or-; of air from fu¬ 
gar, the reft common air, the candle went out imme¬ 
diately. When the receiver was filled with common 
air only, the fame candle burnt 72". 

The receiver was the fame as that ufed in the for¬ 
mer experiment of this kind, and the experiment 
tried in the fame way, except that the air from fugar 
was firft received in an empty bladder, and thence 
transferred into the inverted bottles of water, in which 
it was meafured: for the air is produced from the' 
fugar fo flowly, that, if it had been received in the 
inverted bottles immediately, it would have been 
abforbed almoft as faft as it was generated. 

It appears from thefe experiments, that the air 
produced from fugar by fermentation, and in all pro¬ 
bability that from all the other fweet juices of vege¬ 
tables, is of the fame kind as that produced from 
marble by folution in acids, or at leaft does not 
differ more from it than the different parts of that 
air do from each other, and may therefore juftly be 
called fixed air. I now proceed to the air generated 
by putrefying animal fubftances. 

Experiment VI. 

The air produced from gravy broth by putrefaction, 
was forced into an inverted bottle of fope leys, in the 
fame way as in the former experiment. The quan¬ 
tity of broth ufed, was 7640 grains, and was found, 
by evaporating fome of the fame to the confidence 
of a dry extract, to contain 163 grains of folid 
matter. The fermenting bottle was immerfed in 
water kept conftantly to the heat of about 96°. In 

about 
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about two days the fermentation feemed intirely over. 
The liquor fmelt very putrid, and was found to have 
lofl 11 L. grains of its weight. The fope leys had 
acquired a brownifh colour from the putrid vapours, 
and a mufty fmell. The air forced into the inverted 
bottle, and not abforbed by the fope leys, meafured 
6280 grains: the air left in the bent tube and ferment¬ 
ing bottle was 1100 grains; almoft all of which 
muft have been forced into the inverted bottles: fo 
that this unabforbed air is a mixture of about one part 
of common air and 4^ of factitious air. 

This air was found to be inflammable; for a fmall 
phial being filled with 109 grain meafures of it, and 
301 of common air, which comes to the fame thing 
as 90 grains of pure factitious air, and 320 of com¬ 
mon air, it took fire on applying a piece of lighted 
paper, and went off with a gentle bounce, of much 
the fame degree of loudnefs as when the phial was 
filled with the Iafb mentioned quantities of inflam¬ 
mable air from zinc and common air. When the phial 
was filled with 297 grains of this air, and 113 of 
common air, i. e. with 245 of pure factitious air, and 
165 of common air, it went off with a gentle bounce 
on applying the lighted paper; but 1 think not fo 
loud as when the phial was filled with the laft- 
mentioned quantities of air from zinc and common 
air. 

5500 grain meafures of this air, i. e. 4540 of pure 
factitious air, and 960 of common air, were forced 
into a piece of ox-gut furnifhed with a fmall brafs 
cock, which I find more convenient for trying the 
fpecific gravity of fmall quantities of air, than a 
bladder: the gut increafed 41 grains in weight on 
2 forcing 
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forcing out the air. A mixture of 4540 grains of air 
from zinc and 960 of common air being then forced 
into the fame gut, it increafed 4^ grains on forcing 
out the air. So that this factitious air fhould feem 
to be rather heavier than air from zincj but the 
quantity tried was too frnall to afford any great degree 
of certainty. 

N.B. The weight of 4540 grain meafures of in¬ 
flammable air, is grains, and the weight of the 
fame quantity of common air is 5^%. grains. 

On the whole it feems that this foft of inflammable 
air is nearly of the fame kind as that produced 
from metals. It fhould feem, however, either to be 
not exadly the fame, or elfe to be mixed with fome 
air heavier than it, and which has in fome degree 
the property of extinguishing flame, like fixed 
air. 

The weight of the inflammable air difcharged from 
the gravy appears to be about one grain, which is 
but a fmall part of the lofs of weight which it 
fuffered in putrefaction. Part of the remainder, 
according to Mr. M‘Bride’s experiments, mud have 
been fixed air. But the colour and fmell, commu¬ 
nicated to the fope leys, fhew, that it muft have dif¬ 
charged fome other fubftance befides fixed and in¬ 
flammable air. 

Raw meat alfo yields inflammable air by putrefac¬ 
tion, but not in near fo great a quantity, in proportion 
to the lofs of weight which it fuffers, as gravy does. 
Four ounces of raw meat mixed with water, and. 
treated in the fame manner as the gravy, loft about 
100 grains in putrefaction j but it yielded hardly 
more inflammable air than the gravy. This air 

feemed 
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feemed of the fame kind as the former j but, as the 
experiments were not tried fo exadtly, they are not fet 
down. 

I endeavoured to colledt in the fame manner the 
air difcharged from bread and water by fermentation* 
but I could not get it to ferment, or yield any fenfible 
quantity of air j though I added a little putrid gravy 
by way of ferment. 


Received May 21, 1766. 

XX. A farther Account of the Polifh Cochi¬ 
neal: from Dr. Wolfe, of Warfaw. Com¬ 
municated by Henry Baker, F. R . S. 

Read jane 5, the LIVth volume of the Philofophi- 
17664 X ca ^ Tranfaftions, for the year 1764, 
Art. XV. the Royal Society has been pleafed to publifh 
two curious papers, communicated by Mr. Baker, 
from Dr. Wolfe of Warfaw, defcribing the Polifh 
Cochineal, the plants on whole roots it is found, the 
manner of colledting and curing it, the method of 
dying therewith, and alfo the doctor’s own experi¬ 
ments on thefe curious infedts; the figures whereof 
are there given as engraven on a copper plate. 

Since that time, the dodtor has been very induftrious 
in breeding and obferving thefe infedts, and has there¬ 
by difcovered the male fly, about which he was before 
uncertain •, and has fent to Mr. Baker an elegant 

pidture 













































